INTRODUCTION LBL-1693
Among certain classes of two-quasi-particle states of deformed nuclei configuration mixing has been extensively treated, while for other classes there has been almost no attention to this problem.
On the one hand, the excited bands of Krr = 0+, 1+, 2+, 0-, l-, 2-, and 3 in even-even nuclei have been extensively treated microscopically. These treatments are usually carried out with some simple separable interactions (quadrupole-quadrupole, octupole-octupole, spin-quadrupole, or surface delta interaction). Some bands in the systems treated may become "collective" and consist of a linear combination of many two-quasi-particle basis states.
On the other hand, there has been little theoretical attention to the question of configuration mixing of higher K-bands than those mentioned above, and the general question of the effective nucleon-nucleon force appropriate in this context is quite open.
II. EXPERIMENTAL EVIDENCE
In the past several years interesting measurements have been made concerning band-mixing of two-quasi particle states in even-even nuclei. The . Thus, relatively low-lying r = 6+, 8-, and 7-states can be formed either as two-quasi-proton or two-quasi neutron states. Their analysis shows that the. K = bands at 1333.1 and 17 1 . 5 keV are highly mixed between two-quasi-proton and two-quasi-neutron configurations with a 2p-2n mixing ratio of 38:62. 2 Ejiri et al-. have independently made similar measurements and come to a similar conclusion. 
III. GENERAL THEORY AND RESULTS
Can we obtain from theory at least a qualitative explanation of the phenomena so far observed? Very generally, when considering two states which interact with one another (but don't interact with any other state) the Schr8dinger equation can be written in the form:
We introduce X as the mixing ratio between the two states, letting X= S 2 /a 2 .
If m = 0 (i.e. no mixing) then X= 0 or oo. When solving eq. (1), one easily finds:
where /:,A = A> . . . , . A< is the difference of the eigenvalues of the 2 x 2 matrix, i.e. is the energy difference of like-spin members of the two bands of the configurations considered. In fig. 1 we have graphed the relationship of eq. (2).
The different mixing ratios form a family of straight lines relating the proportion~ity of the energy separation of the bands with the absolute value of the mixing matrix element lml. The lines have been labeled with mixing ratios less than unity, but those ratios X greater than unity correspond to the line of their reciprocals 1/x. < < . ) When the mixing ratio is near unity (0.5 _X_ 2 , the mixing matrix element lml is very insensitive to X and dependent on !;,,A.
We now analyze matrix element m in more detail. The quasi-particle operator string for the band-mixing matrix element for even-even states, with parallel angular momentum projection n + n ' is: The uv factors for the cases here considered are shown in Table 1 . More specifically, for the KTf = 8-states in 178 Hf, one has from eq. 5
and Table 1 = ·jo.471<9/2 §/2 lv 17/2 7/2 > 0 -0.50~9/2 7/2 lv l~/2 9/2 > 1 +j
All the contributing matrix elements are of large momentum change (or exchange interaction) type, like those of the odd-even shift termS in odd-odd nuclei.
Similarly, one has = jo.515<7/2 '/2 lv . 13/2 5/2p>o--0.395(7/2 n p np n n 3/2 lv 13/2 7/2 ~-~ Fig. 1 )
B. The n-p Force
We consider now the matrix elements of the effective neutron-proton potential, taking it to be of Gaussian central form ( 8) where PTE, PT 0 , P 8 E, and P 80 are projection operators for the spin triplet (T) or singlet (S) and even (~) or odd (0) relative orbital angular momentum. We will use two different forces in our calculations, force I with ranger =1.5 fm, Table 2 shows the result of the fitting procedure. The optimum force strengths at the different ranges are shown in Table 5 . The mixture of our forces (specially force II) has some features in common with the force obtained by Nunberg and Prosperi. 15 · From Table 2 we see a scatter in fit to experiment of about ± 20 keV. The fit depends only weakly on range of force, and as Jones et a1. 12 showed, even a delta force is rather satisfactory in fitting pair splittings. Table 3 gives for the two optimal forces at different range the theoretical values. of odd-diagonal, single-particle n-p matrix element~ entering into the band-mixing cases for which we reviewed the experimental evidence in the first part of this paper. These are the single-particle matrix elements entering into the eq. (7) with appropriate weighting factors from the BCS wave functions. The matrix elements in Table 3 With three of the four fo!"ce strength parameters fixed by the GallagherMoszkowski pair fitting of Table 2 we allowed only the freedom to adjust the fourth component (Wigner force) strength to obtain best agreement with experimental band mixing matrix elements from eqs. (7) as shown in Table 4 . In the last three cases there are data showing band mixing is small, but with the energy separation of the admixed band unknown only limits can be set on mixing. The agreement is quite satisfactory, though somewhat better for the shorter range force II. It is not clear whether the differences with the A-S force, particularly the different Vs 0 /VTE ratio, arise from our neglect of tensor compcnents or from core polarization effect differences between their spherical nuclei and our spheroidal nuclei.
When an effective force of some reliability is available, one can address the problem of predicting the energies and band-mixing character of the multiquasiparticle bands expected in the region. s 1 . . h . d17 o ovlev as summarlze many calculations on three-and four-quasiparticle states of deformed nuclei; these calculations are for the most part done in the framework of the independent quasi-particle picture. There is also need for more data on such states.
Awaiting discovery are surely other four-quasiparticle isomers like the 16+ isomer 3 of 178 Hf and perhaps five-quasiparticle isomers like the 37/2-state 18 in 177 Hf.
IV. CONCLUSIONS
An interesting pattern emerges from analysis of band-mixing of two quasi-neutron and two quasi-proton basis states of deformed even nuclei. The conditions for strong mixing to occur are 1) that the zero-order energies of the 2qp and 2qn basis states be reasonably close and 2) that the two proton ·-----449 (1971)) are: + -100; t+ 140. 
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